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Genetic Tests for Linkage Between Row Number 
Genes and Certain Qualitative Genes in Maize 
By E . W . LIN DSTROM 
AGRICULTURAL EXPERIMENT STATION 
IOWA STATE COLLEGE OF AGRICULTURE 
AND MECHANIC ARTS 
GENETICS SECTION 
AMES, IOWA 
SUMMARY 
Tests on a large scale were devised to determine if the multi-
ple genes for kernel row number on the maize ear would show 
genetic linkage with known genes on several of the maize 
chromosomes. The linkage groups tested involved P (peri-
carp and cob), R (aleurone), Sl,/, (endosperm), and Y (endo-
sperm color) chromosomes. 
A very significant correlation between cob (and pericarp) 
color and row number was discovered in a large series of 
crosses. This was so pronounced that one is inclined very 
strongly to believe that one of the major row-number genes 
is located on the P chromosome. 
The experiments involving aleurone color (C and R factors) 
and row number gave some evidence of a correlation. This 
was particularly true when the R-aleurone factor was involved 
with row number. The correlation or linkage was intangible in 
some crosses, and yet the bulk of the data pointed to the prob-
ability that a row number gene was also to be found on the 
R-chromosome. 
When the Su-chromosome was tested for the existence of 
still another row-number gene, a variable lot of data appeared. 
Certain crosses exhibited all the phenomena of genetic linkage 
between this endosperm character and row number; ana yet 
t here were enough exceptions to cast doubt on the existence 
of such a simple relationship as an ordinary linkage. In fact 
several cases of distinct reversal of linkage (parental classes 
occurring less frequently than non-parental) were noted, a sit-
uation which would seem to necessitate a reinvestigation of 
this problem. 
Some evidence of a genetic linkage between the Yy endo-
sperm color and row number was obtained. It was significantly 
present in the majority of the hybrid generations. The inten-
sity of this linkage, however, must be relatively low. 
In general, one may deduce from a large series of experi-
ments such as these that the inheritance of row number is rela-
tively complex, that the phenotype of row number is not always 
an indication of its true genotype even aside from environ-
mental influence, and that the detection of genes for row num-
ber on the various chromosomes of maize is exceedingly dif-
ficult. 
Genetic Tests for Linkage Between Row Num, 
ber Genes and Certain Qualitative 
Genes in Maize! 
By E. W. LINDSTRO}1 
Earlier genetic experimentation has demonstrated that the 
number of kernel rows on the maize ear is ·a typical quantita· 
tive character, presumably governed by numerous hereditary 
factors (2,3). It is usually considered as one of the quantita-
tive characters in maize least subject to environmental action, 
altho the influence of external factors naturally plays some 
part. 
There is reason to suppose that the multiple genes controlling 
row number are scattered on many of the 10 pairs of maize 
chromosomes. Accordingly, if enough characters are analyzed 
genetically and correlated with row number by appropriate 
hybridization methods, certain linkages should emerge. In 
this manner the requisite test for the validity of the multiple 
factor hypothesis of quantitative inheritance becomes avail-
able. 
A preliminary survey of such a situation has recently been 
published (8) giving some evidence that such linkages do oc-
cur. The complete data of this investigation are now pre-
sented. They involve a seven-year experiment comprising 
over 32,000 individual plants in pedigreed cultures arising from 
numerous varietal crosses of maize. 
The experiments had their inception, first, because of a de-
sire to test for linkage of quantitative and qualitative genes in 
a naturally cross-fertilized species such as maize in contrast 
with a self-fertilized species, the tomato, where fruit size genes 
had been found to be linked with several simple genes (5, 6,7) ; 
and second, because of a suspicion of such a linkage in the ab-
sence of any eight-rowed commercial varieties of maize with a 
red cob. As far as could be ascertained, all maize varieties 
with eight rows on the ear have white cobs. This seemed to be 
more than a coincidence. 
MATERIAL AND METHODS 
Numerous maize varieties differing in their modal row num-
ber and in their qualitative characters (cob color, aleurone 
color, endosperm color and endosperm texture) were crossed 
reciprocally, and F 1 , F2 and backcross generations tested. Some 
F3 progeny tests were attempted, but the necessary inbreeding 
played havoc with the plant vigor and seriously affected the 
straightness of the rows, making accurate determinations im-
'Paper No. 32 from the Genetics Section. 
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possible . Experience with F 2 progenies also demonstrated that 
they were less desirable than backcross progenies for this ex-
periment. 
The original parental va l'ieties wel'e inbred only one or two 
generations before C1'ossing them, because it was thought that 
further inbl'eeding would have caused a loss of the main varie-
tal characteristics. . It would, however, have given sharper 
definition to the resulting data. In practically all th e back -
crosses, the homozygous parent was an inbred strain. 
The following maize varieties were used in the investig'a -
tion: 
Iodent (I) 
Golden Glow (GG) 
White Dent (WD) 
Silver King (SK) 
Illinois High Fat (HF) 
Evergreen (Ever) 
Crosby (Cros) 
Golden Bantam (GB) 
Black Mexican (BM) 
Yellow Flint (YF) 
White Flint (WF) 
King Philip (KP) 
- 16-18-rowed yellow dent, red cob 
- 16-rowed yellow dent, red cob 
- 16-18-rowed white dent, white cob 
- 16-rowed white dent, white cob 
- 16-rowed white dent, white cob 
-16-rowed wl;llte sweet, white cob 
- 12-rowed white sweet, white cob 
- 8-rowed yellow sweet, white cob 
- 8-rowed purple sweet, white cob 
- 8-rowed yellow flint, white cob 
- 8-rowed white flint, white cob 
- 8-rowed red flint, white cob 
The letters iB parentheses are variety abbreviations for use 
in table headings. 
Only plants with the typical or modal row number were se-
lected among the parental strains; and, as a rule, only F, 
plants with the modal row number were used to carryon the 
test. Exceptions to this are noted in the tables. 
Because of the huge number of progenies tested, it has beell 
found impossible to publish the details of each progeny. Ac-
cordingly, the data have been lumped to a considerable extent; 
reciprocal crosses, for example, have often been combined. 
Also duplicate plantings of the same cross grown in different 
seasons have sometimes been lumped whenever the modes of 
the two plantings were the same. This lumping will prevent 
any very precise utilization of the data in the analysis of row 
number inheritance itself. Since the object of this experiment, 
however, was to discover the presence or absence of measur-
able linkages, the lumping will perhaps serve the purpose rea-
sonably well. 
In analyzing the data, a statistical test was used to deter-
mine the probability that any two frequency distributions of 
row number (Sl1ch as those with red cob and with white cob) 
~f a certain hybrid were or were not independent of each other. 
The method chosen was a form of the chi-square test for inde-
pendence in a 2 x n classification such as described by Fishel' 
(4) or Pearl (9). The classes in the two frequencies to be COffi-
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pared were transformed into percentag'e classes. Hence all 
deviations are expressed as percentages, thus permitting a 
ready comparison of variations and trends. 
With this method a very low value of P (probability) indi-
cates that the two distributions cannot be considered as mem-
bers of the same group-in other words they are independent 
of each other. For example, if the row number distribution 
with red cobs is significantly different from that with white 
cobs in the same hybrid generation, as shown by a low proba-
bility value, it is judged that the differentiating agent is the 
cob color or something correlated with it. A complete illustra-
tion of this chi-square method is given in table la. 
For the sake of brevity, the tabular material has been ar-
ranged so as to show the differences between two distributions 
on a percentage basis for each row-number class. This percen-
tage difference is given in the column marked" percentage D" 
in the tables. For each class (row number) the difference in 
'percent between the two class values is listed; and whenever 
the 1'ccessivc character shows the greater percentage a plus 
sign is placed before that class. The percentages with a plus 
sign should equal those without it, except for differences due 
to dropping of decimals. 
There are two or more hybrid generations or progenies in 
each table. These arise from the same parental cross, and the 
progenies are usually the F 2 generation, a backcross to one of 
the parents (inbred) or a cross of the Fl to unrelated inbred 
strains (also termed a backcross). Accordingly, all the pro-
genies within one table have a common ancestry, namely the 
Fl generation of the cross under discussion. For each progeny 
the probability of independence of the two frequencies has 
been calculated. 
Whenever all the progenies within anyone table exhibit the 
same general relationship with r espect to row number distribu-
tion and the qualitative genes under consideration, it has 
seemed advisable to combine all the probability values (of P) 
into one measure of probability. Dr. R. A. Fisher of Rotham-
sted was kind enough to suggest a method (hitherto unpub-
lished) for expressing such total or combined probability. Hifi 
method is based on using the natural logarithms of the severa] 
values of P; and it may best be explained by the following ex-
ample: 
P 
.10 
.15 
- loy 
2.3026 
1.8971 
-2 10y 
4.6052 
3.7942 
8.3994 
deY1'ees 0/ freedom 
2 
2 
4 
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The sum of the doubled logarithms (natural logs with signs 
changed) is considered as the x2 ; and the value of the com-
bined P is determined from this, using the number of degrees 
of freedom as the total number of classes, n (in Fisher's table) 
or n ' (equals n + 1 in Pearson's table). In this example thE 
combined probability for 4 degrees of freedom is 0.08. 
In discussing the results of the various tables, this combined 
value of probability will often be used and termed the com-
bined P, or for simplicity it will be designated P'. 
In evaluating the data in these experiments, the following 
points should receive consideration. 
First, the consistency of the results in the several different 
hybrid generations from an original cross (listed in one table) 
is of greater significance than the data in any single progeny, 
no matter how low (or high) the probability of the latter 
may be. 
Second, the grouping or the trend of the percentage differ-
ences when they indicate a related series of deviations (as 
found in the percentage D column in the tables) would seem 
to be of more importance than isolated deviations occurring 
more or less at random. 
Third, the individual probability values (P) within each 
table should be studied in r elation to each other. If two 01' 
more low values of P occur in the same table, the odds that the 
two frequencies under consideration are independent increase 
significantly beyond the values shown by the individual proba-
bilities. This combined probability has been calculated for 
many of the tables and is expressed as P'. 
Fourth, in many of the tables a few exceptional individuals 
are to be found at the tail ends of the frequency distributions. 
The mathematician often disregards these or clubs them with 
the adjoini.ng classcs. The bi.ologist usually prefers to present 
the complete data. Under such circumstances the values of P 
may be increased out of proportion to the importance of these 
few individuals, most of which may have been caused by en-
vironmental agencies or accidents of cell growth. This is par-
ticularly true if the number of classes is small. For example, 
with a given x2 of 5.0 the value of P for 4 classes is .172, where-
as for 3 classes it is only .082. This fact should be taken into 
consideration in dealing with those frequency distributions 
comprising a few tail-cnd individuals. 
Row number in these experiments was determined in the lab-
oratory, the harvested ears being dried in bags, and the ·counts 
made during the winter. Ordinarily assistants did most of the 
counting while the writer recorded. There is some chance of 
the personal equation entering when counting the number of 
rows on ears that are poorly developed. Since the assistants 
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were not aware of the details of this particular experiment, 
nor did they know the pedigrees of the progenies they were 
counting, biased counts could scarcely be expected. 
Wherever possible the crosses were made in such a manner 
as to introduce the higher row number with the dominant 
qualitative character in the one parent, and the lower 1'0"" 
number with the recessive in the other parent; while in another 
varietal cross the lower row number would be coupled with 
the dominant character in the parental generation. Thus a 
I6-rowed dent corn would be crossed with an 8-rowed sweet 
corn in one case, while in another, a I6-rowed sweet corn 
would be used with an 8-rowed dent (or flint) type. If genetic 
linkage exists between row-number genes and the S1~ su genes in 
these crosses, the F2 and backcross data of the first cross should 
be different in nature from those of the second. If both sets of 
the hybrid generation show the same type of correlation, 'if any, 
the cause should be attributed to some morphological or physio-
logical association of the two characters rather than to genetic 
linkage. 
ROW NUMBER AND COB COLOR 
A very large series of hybrids involving red and white cob 
color along with number of kernel rows of the maize ear were 
made. Due to the non-existence of commercial varieties of 
corn with low row number and red cob, these crosses were ef-
fected in one direction only. To overcome this natural disad-
vantage, use was made of the red pericarp of King Philip, an 
8-rowed flint, since pericarp and cob color are in the same al-
lelomorphic system. But the pericarp classification in this cross 
proved to be so uncertain that accurate determinations were 
impossible. The cob color in this case, however, was distinct 
and reliably useful. 
The following crosses in which one parent contributed red 
cob and the higher row number (and the other, white cob and 
the lower number of rows) have been tested in F 2 and back-
cross generations: 
Red-cobbed parent White-cobbed parent Cross No. 
l. Golden Glow Y. D .-16.1 x King Philip Flint-8 4995 
2. rodent Y. D.-16 x White Flint-S 6257 
3. rodent Y. D.-IS x Golden Bantam-S 5399 
4. rodent Y. D.-16 x Golden Bantam-S 6259 
5. Golden Glow Y. D.-16 x Golden Bantam-S 49SS 
6. Golden Glow Y. D.-16 x Black Mexican-S 4993 
7. Golden Glow Y. D.-16 x Black Mexican-S 4992 
8. rodent Y. D.-IS x Black Mexican-S 7044 
9. rodent Y. D.-IS x Black Mexican-8 7045 
10. rodent Y. DA8 x Crosby-12 5431 
11. Golden Glow Y. D.-16 x Crosby-12 4985 
12. Cardinal King R. D.-16 x Golden Bantam-8 4998 
INumbers are the modal row number. . Y. D. for yellow dent, R. D. for red dent. 
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1. Golden Glow-16 x King' Philip-S, Cross No. 4995. In 
this cross the 8-rowed parent bore the white cob and the 16-
rowed parent the red cob. The Fl plants were mostly 12-rowed 
and all carried the dominant red cob. The F, pericarp color 
was intermediate, and in the F2 generation it was impossible 
to determine the pericarp color segregation accurately. Hence, 
only cob color was utilized. The complete F2 and backcross 
data are arranged in table 1. In table Ia is presented a calcu-
lation of the closeness of fit to illustrate the method used ill 
determining the value of P, the values of which were taken 
from Pearson's tables. This same method has been used in 
all succeeding tables, but only the percentage dijfe1'ence is re-
corded. 
It may be noted that in the F2 generation and in three back-
cross progenies (to 8-1'0wed, white cob types) there is a distinct 
tendency for the red-cobbed segregates to possess the higher 
row numbers and, conversely, the white-cobbed segeegates the 
lower row numbers (table I). The means of the recessive, 
white-cobbed distributions are smaller in each case, altho the 
differences in means are not always highly significant. The 
important thing to note is the consistency of the results in all 
four progenies. In every progeny the 8-rowed class has a de-
cidedly higher percentage of white-cobbed ears. In three of 
the four progenies thc low values of P prove 'without reasonable 
doubt that the red- and white-cobbed distributions arc not 
similar. They are statistically independent of each other. The 
combined probability in table I is P' = .007. This is highly 
indicative of some difference between the red and white cob 
color distributions. Inasmuch as the direction of this differ-
ence is in keeping with a genetic linkage (the parental combi-
nations occurring more frequently than the non-parental), and 
TABLE 1. COB COLOR AND ROW NUMBER RELATIONS IN THE CROSS 
Pi- King Philip-8 x Golden Glow-16 
F 'l gener~tion 12F, x WF8 lOF, x WF8 F, x YF8 
Rows ------------------------
R' r % D' R r % D R r %D R r %D 
--
--------------------- -
8 14 9 +la . 1 82 113 +13.6 95 132 +R.6 23 48 +18.6 
10 32 15 +10.8 50 45 5.3 42 38 7.8 41 49 1.5 
12 30 5 21.3 26 16 7 . 1 6 6 0.8 22 9 17.1 
14 2 0 2.6 3 1 1.3 
----------------------------
Total 78 29 23 . 9 161 175 13 . 6 143 176 8 . 6 86 106 18.6 
-----------------------
Mean 10.5 9.7 9.4 8.9 8.8 8.6 10.0 9.3 
,----- ---- --------- - _.---
P 0.115 I 0.045 0-. 242 0.001 
'Arbitrary symbols for red cob (R) and white cob (r) used in tables I - XII 
JIn this and all succeeding tables, the plus sign is always attached to Lte recessive cha.racter 
to designate which classes of row numbers carry the greatest percentage of plants with that 
recessive character. See table la. 
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TABLE la . SHOWING METHOD OF Tl!:STING FOR INDEPENDENCE BY x, 
METHOD USING PERCENTAGES. DATA FROM F, GENERATION OF 
CROSS-KING PHILIP x GOLDEN GLOW 
Rows Red White Total T Percent Percent Difference--D D' Dt 
cob R cob r R r ------ -
R r T 
-----------------------------
8 14 9 23 17 .9 31.0 13 . 1 171. 61 7.46 
10 32 15 47 41.0 51.8 10.8 116.64 2.48 
12 30 5 35 38.5 17 .2 21.3 453.69 12.96 
14 2 0 2 2 . 6 0 . 0 2.6 6.76 3.38 
- - ---------------------- ----
Total 78 29 107 100.0 100.0 23.9 23.9 26.28 
x'==26.28 (.78 x .29)=5.945 Where n'=4, P=0.115. 
When n'=3. due to clubbing together the small frequency of the last class with the 12- row 
class, x'=5.741 and P=O.06. 
since there is no reason to suppose any physiological interplay 
between row number and cob color, the real cause may well 
be that of genetic linkage. 
The linkage was also verified by observing the pericarp classi-
fication in this cross. Whereas no clean-cut segregation oc-
curred between the red p.:!ricarp (from the King Philip flint) 
and the colorless (of Golden Glow), · it was obvious that the 
darker shades of red were invariably to be found among the 
8- and lO-rowed segregates. As the red peri carp color was 
introduced with the lower row number, this correlation ap-
pears to be due to a genetic linkage, presumably' between fac-
tors for pericarp color and low row number borne on the same 
chromosome. 
This linkage would perhaps account for the failure of 
8-rowed varieties with red cob to have been developed by the 
corn breeder, particularly since the color of the cob is not a 
vital feature of the variety. Altho this cross shows the most 
distinct manifestation of an association between row number 
and cob (or pericarp) color, there is plenty of verification for 
the situation, as may be seen in the following crosses. 
2. Iodent-16 x White Flint-8, Cross No. 6257-Table II. In 
the F 2 generation and in the backcross of the F 1 to the parental 
White Flint and to a Yellow Flint-8 variety, there is consistent 
evidence that red-cobbed plants are inclined to possess the 
higher row number and the white-cobbed segregates the lower 
row number. The very low values of P in these three pro-
genies together with the large number of individuals tested 
demonstrate with reasonable certainty that a correlation exists 
between row number and cob color. The differences in the 
means in this table (and in succeeding ones) are not always 
statistically significant, and they have been omitted to save 
space. 
Rows 
8 
10 
12 
14 
16 
18 
Total 
P 
TABLE II. COB COLOR AND ROW NUMBER RELATIONS IN THE CROSS 
PI-White Flint-8 x Iodent-16 
F2 generation FJ x WF8 & Ree. FI x YF8 & Ree. FI x GB8 
----------------------------------'---
R % D R %D R %D R %D 
----------------------------------
0 1 +1.1 50 72 +5 . 2 130 168 +7.2 33 19 6.6 
27 18 +10.6 126 123 0.0 148 141 5.2 57 44 +1.8 
160 38 16.3 242 227 2.2 65 67 0.8 24 22 +4.8 
58 21 +2.4 32 18 3.0 4 0 1.1 
22 8 +1.0 2 1 0.2 
0 1 +1.2 
----------------------------------
267 87 16.3 452 441 5.2 347 376 7.2 114 85 6 . 6 
---------------------------------
0 . 01 0 . 08 ~l.06 oJ.53 
FI x Evergreen 16 
---.------
R %D 
---------
1 1 +0.1 
11 6 2.6 
58 53 +2.0 
64 61 +4.1 
20 12 4.0 
3 3 +0.3 
---------
157 136 6.5 
----------
0 .80 
~ 
C1 
00 
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When the Fl hybrids were crossed to two unrelated pure va-
rieties (Golden Bantam-8 and Evergreen-16), there is no evi-
dence of any relationship. In fact the backcross to the Golden 
Bantam type shows a reverse correlation which is, however, 
not significant statistically, the value of P being so high that 
the two distributions cannot be considered independent. vVhy 
these two backcrosses fail to repeat the relationship is not 
known, unless they bring in other genetic factors to obliterate 
the situation. If the combined probability of the data in the 
entire table be calculated, a very low value of pI ( .017) obtains, 
proving that the two cob color distributions are statistically in-
dependent of one another as far as row numbers are con-
cerned and, hence, that genetic linkage might well be con-
cerned. 
3. Iodent-iS x Golden Bantam-S, Cross No. 5399-Table III. 
The F 2 and a backcross generation exhibit a very striking veri-
fication of the cob color and row number correlation or linkage. 
Both hybrid progenies demonstrate ' rather conclusively that 
there is a significant tendency for low row number to be asso-
ciated with white cob color. In other words, the parental com-
binations are noticeably in excess. The percentage differences 
are great and the test for independence is conclusive. 
TABLE III. COB1COLOR AND"ROW~NUMBEt!."RELATIONS IN THE CROSS 
Pt--Iodent-16!x Golden Bantam-8 
Rows F2 generation Ft x GB8 and Reo . 
R r % D R r I % D 
8 24 62 +12 . 6 
10 3 4 +10.5 94 109 '+ 2 . 0 
12 40 17 +19.6 116 101 9 . . 5 
14 46 6 22 . 6 19 10 3.8 
16 17 3 5. 7 3 0 1.2 
18 2 0 1.9 
Total 108 30 30.1 256 282 14.6 
P 0 . 03 0.0001 
4. Iodent-16 x Golden Bantam-S, Cross No. 6259- Table IV. 
In the data from this cross, comprising an F 2 generation and 
five backcross progenies, we have the same general tendency 
for white cob to be associated with the lower row numbers. 
Except in the F 2 generation, however, this association is not 
significant statistically. The important point, nevertheless, is 
the fact that the trends are so consistently in the same direc-
tion. The combined probability value for table IV is pI = .26. 
Perhaps the lack of statistical significance is an illustration 
of the variability of the relationship in question; or, it may 
Rows 
----
8 
10 
12 
14 
16 
Total 
P 
TABLE [V. COB COLOR AND ROW NUMBER RELATIONS [N THE CROSS 
PI- Iodent-16 x Golden Bantam-S 
Fz generation FI x GBS Fl x WF8 14 Fl x WFS & Reel 
----------------------
---
-------------
R %D R %0 R %D R %D 
------------
._--
-------
._--
--------- ---
10 8 +3.9 38 41 1.2 115 128 +4.0 111 106 +3.3 
106 35 4.1 6g 87 +6.8 167 162 1.2 183 148 2.1 
143 55 +1.6 28 24 5.0 6! 54 2 .S 118 100 0.1 
34 9 3 . 3 1 a 0.7 2 2 0.0 8 3 1.1 
0 2 +1.8 
---------
---
---------- ---------
._-
293 109 7.4 135 152 6.8 348 346 4.0 420 357 3.3 
-----------------------------------
0 . 06 0 .44 0 . 64 0.47 
IThis Fl traces to another similar cross except that the Iodent parent was 18 rowed. 
12 Fl x WFS 
---
._--
---
R %0 
----
._--
57 41 S.5 
68 74 +9.9 
13 10 1.4 
----
._ -- - ._--
138 125 9.9 
------------
0.28 
t-:l 
0':> 
o 
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again be due to the fact that when an Fl is crossed to an unre-
lated type, the existing correlation is partially obliterated by 
other genetic factors. For example, it has been noted that the 
8-rowed condition in the Golden Bantam variety exercises a 
less dominant effect than the 8-rowed condition of the flint 
varieties, due perhaps to differences in genes. This may be 
observed in any cross by comparing the modes when these 
two 8-rowed types are crossed with the same 16-rowed variety. 
5. Golden Glow-16 x Golden Bantam-8, Cross No. 4988-
Table V. Here, in a cross similar to the preceding two, there 
is the same tendency in the association of cob color and row 
number. The differences are not very great; hence the values 
of P are a trifle high. Statistically there is no proof of linkage 
here because the combined value of P' is 0.52. 
TABLE V. COB COLOR AND ROW NUMBER RELATIONS IN THE CROSS 
P.- Golden Bantam-8 x Golden Glow- 16 
Rows F 2 generation F. x GB8 and Rec. F. x Crosby 12 and Rec . 
--~----~----~'--~'-~' ------~---
R % D R % D R % D 
----------~ '------- ----~ --~ 
8 43 15 + 0.4 44 42 +6 . 6 3 8 +3 . 0 
10 72 30 +8 . 6 67 52 +0 . 1 34 46 +3 . 2 
12 57 Ii 4 . 0 H 24 6 . 7 72 84 2 .2 
14 l~ 1 4 . 9 10 7 3 . 4 
16 4 4 0 . 5 
Total 184 63 9.0 152 118 6.7 123 149 6.2 
--~-~-.-----------~------.------
P 0 . 357 0 . 366 0.546 
6. Golden Glow-16 x Black Mexican-8, Cross No. 4993-
Table VI. In this cross the low row number together with the 
white cob was contributed by the purple-aleurone, Black Mexi-
can sweet corn, a very uniformly 8-rowed type. The evidence 
for linkage in the F 2 generation and in a backcross to the 
8-rowed Golden Bantam variety is reasonably convincing. 
Again, the backcrosses to the 8-rowed flint types, while they 
exhibit the linkage clearly enough, do not permit us to place 
mathematical reliance upon the results. Here the combined 
probability value proves to be 0.28. 
7. Another cross (No. 4992), identical with the preceding 
one, is presented in table VII. This table comprises three hy-
brid progenies, one in which the Fl was crossed to an 8-rowed 
Golden Bantam variety and two in which the F 1 was crossed 
with White Flint. 'There is good evidence for linkage in all 
three progenies, altho not significantly so in one cross to a 
White Flint type. The results are, however, uniformly similar 
to the preceding crosses. 
F2 generation 
Rows - -------
R %D 
--- - - -----
8 9 11 +5.9 
10 116 37 +0.2 
12 213 61 4.6 
l.4 83 27 +0 . 5 
16 f2 2 1.3 
18 3 0 0 . 7 
--- -------
Total 436 138 6 . 6 
----------
P 0 . 027 
TABLE VI. COB COLOR AND ROW NUMBER RELATIONS IN THE CROSS 
PI- Golden Glow-16 x Black Mexican-8 
Fl x GB8 Fl x WF8 & Rec. 12 Fl x YF8 8YF x 10 F, 
---------- -------- ---- ------
R %D R %D R %D R %D 
---------- - ---------------- - --
96 101 +4 . 4 76 89 +2 . 8 56 4..0 +3 . 8 81 86 +4 . 2 
149 111 8 . 0 152 146 5 . 4 88 57 +1.4 96 88 1.9 
33 40 +3 . 6 54 65 +2 . 5 55 29 4.1 36 31 1.7 
10 5 1.0 1 0 0 . 5 
--
-------
._-
-----------------
269 252 8 . 0 282 300 5 . 3 209 131 5 . 2 214 205 4 . 2 
--------------------.-
---_._--
0.175 0.442 0 . 743 0 . 617 
Fl x Crosl?y 12 
-------
R %D 
----- - --
1 2 +0 . 6 
27 23 2 . 6 
101 95 3 . 4 
22 30 +5 .4 
1 1 0 . 0 
--------
152 151 6 . 0 
-------
I· 0 . 73 
~ 
O"l 
~ 
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TABLE VII. COB COLOR AND ROW NUMBER RELATIONS IN THE CROSS 
PI - Golden Glow- 16 x Black Mexican- S 
Rowe 1<'1 x SGB 121<', x SW1<' SW1<' x 10 1<'1 
15 
10 
12 
14 
Total 
P 
------ -------- ------------
R % D R % D R %D 
53 
29 
3 
S5 
O.lS 
57 
24 
o 
Sl 
+S.O 
4.;; 
3.5 
S.o 
66 
39 
9 
114 
79 
40 
S 
127 
+4.3 
2.7 
1.6 
4 .3 
54 
50 
17 
o 
121 
0.14 
69 
43 
16 
2 
130 
+S.5 
S.2 
I.S 
+l .5 
10.0 
8. Iodent-18 X Black Mexican-8, Cross No. 7044-Table VIn. 
'l'his table shows six crosses of the F 1 generation to various 
white-cobbed types, including some 16 and 18-rowed white 
dents (Silver King and a common White Dent type). In gen-
eral, it may be said that the data in this table involving some 
rather large progenics give ample verification of the linkage. 
Some of the very low individual values of P together with thr 
low combined probability of 0.00001 are highly significant in 
proving that the red and white-cobbed distributions in rela-
tion to row number can in no sense be samples of the samc 
pOPlllation. There must be some fundamental difference bc-
tween the two. That difference may well be due to genetic 
linkage. 
9. Iodent-18 x Black Mexican-8, Cross No. 7045-Table IX. 
In a cross similar to the one above, a significant linkage is ap-
parent in the F2 generation and in three backcrosses involving 
large numbers. Two other backcrosses, however, exhibit a re-
verse correlation, again not sig·nificant statistically. Most of 
the backcross progenies of this cross were grown in different 
years than those of cross No. 7044. Apparently environmental 
factors are the cause of some of the differences in linkage rela· 
tions. If it is permissible to use the total probability here , 
which in this case is unusually low (PI = 0.00004), there is 
good evidence of independence. 
10. Iodent-18 x Crosby-12, Cross No. 5431-Table X. The 
results of crossing a 12-rowed, white-cobbed type with a red-
cobbed type bearing a higher row number, have been more 
or less pecuJ.iar and variable. In table X there is some evi-
dence that the 12-rowed Crosby parent brings in a factor for 
exceedingly high row number that is associated with its white 
cob character. This is consistently true in all three hybrid 
progenies, including the F2 generation. In one backcross the 
results ai'e statistically significant, but it is not advisable to 
stress this point at the present time because the data on this 
situatIon are relatively meager. 
Rows 
8 
10 
12 
14 
16 
18 
20 
TABLE VIII . COB COLOR AND ROW NUMBER RELATIONS IN THE CROSS 
P I- Iodent- 18 x Black Mexican- 8 
12 FI x GB 12 Fl x WD & Rec. 14 Fl x WD & Rec. 18 WD x Fl 
--------------------------------------
R % D R % D R % D R % D 
-----------------------------------
12 17 +2 .8 
66 85 +9.9 1 14 +2.7 5 12 +1.8 0 2 +1.1 
63 50 10 .5 84 105 +1.4 81 137 +5.9 29 51 +15.6 
8 5 2.2 158 209 +4.8 109 169 +5.3 86 69 +2.0 
112 117 3 . 1 71 60 9.3 99 51 12 .8 
40 23 5.1 22 16 3.0 29 12 5.3 
10 8 0 .8 2 0 0.7 3 1 0 .7 
10 Fl x WF8 
----------
R %D 
---------
20 32 +14 . 3 
28 29 4.7 
8 3 9 . 6 
-------------------------
------------------ - - - - ----
Total 
P 
Rows 
8 
10 
12 
14 
16 
18 
Total 
P 
149 157 12 . 7 405 476 8.9 290 394 13 . 0 246 186 18 . 7 
-------------------------
-------
----
0.155 0 .0001 0 . 003 0.0001 
TABLE TX. COB COLOR AND ROW NUMBER RELATIONS IN THE CROSS 
PI- Iodent-18 x Black Mexican- 8 
56 64 14 .3 
----------
0 . 105 
F , generation I 10-12 FI x GB 8 I 14 Fl x GB 8 I 10-12 Fl x WD 14 I WD x 12 Fl I 14 Fl x WD 
- R-I-r -I%D-R - I- r-I%D-R '!-r -I%D lll-r -I%DItI- r -I%DU-I-r -l%D 
7 8 +13 . 1 229 316 +11.4 42 35 4 . 7 
&8 16 17.4 238 211 8.0 7J 67 1.5 
1 23 1 51 1 +5 2 
1 
5 
1 
3 
1 1.4 
1 
1 
1 
2 
1 +11 30 16 +10 .3 75 64 3 . 0 !) 16 +6.2 224 235 + 2.8 36 50 +10.7 24 20 8.5 6 0 5.9 2 0 • 0 .4 1 1 231 200 4 8 16 54 15 3 33 34 4.0 
78 58 3 4 16 26 +7.5 17 24 +5 . 5 
3 4 +02 5 3 1.4 0 5 +5 . 9 
101 40 23 . 4 544 591 11 .4 12:1 119 6.2 559 I 548 8.2 138 136 18.2 75 85 12.5 
0 .024 0.001 0 . 447 0.002 0.054 0.28 
I':) 
m 
>l'-
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TABLE X . COB COLOR AND ROW NUMBER RELATIONS IN THE CROSS 
PI- Iodent-18 x Crosby- 12 
Rows F2 generation Fl x Crosby FI x Crosby 
--------------.------ ------
R r % D R r % D R r % D 
-------------------- ---------
10 2 ' 1 +0.3 4 0 1.4 
12 81 25 3 . 1 37 33 2 . 1 2 1 1.1 
14 148 46 5.4 95 75 8 . 7 21 9 16 . 6 
16 70 31 +5 .9 101 127 +6 . 9 15 12 +5 . 6 
18 13 7 +2 .3 35 43 +2 . 0 7 10 +16 . 4 
20 6 16 +3 .2 2 0 4 . 2 
- - --- - -------- --- --- ------- --
Total 314 110 8 .5 278 294 12. 1 47 32 22. 0 
----- ---------
P 0 . 557 0 .015 0 . 258 
11. Golden Glow-16 x Crosby-12, Cross No. 4985- Table XI. 
There is here no statistical evidence of any linkage in two 
backcrosses. The data are merely presented for the sake of 
com pletencss. 
. 
TABLE XI. COB COLOR AND ROW N UMBER RELATIONS IN THE CROSS 
PI- G olden Glow- 16 x Crosby- 12 
Rows Fl x Crosby 12 Fl x GB8 
R r % D R r % D 
8 40 40 0 . 6 
10 10 9 2 . 6 99 107 +1.9 
12 38 57 +15.3 84 89 +0 . 9 
14 25 21 8.5 9 4 2 . 2 
16 4 2 2. 9 
18 1 0 1.3 
Total 78 89 15. 3 232 240 2. 8 
P 0 . 29 --
12. Cardinal King'-16 x Golden Bantam-S, Cross No. 4998-
Table XII. In this cross the parent with the higher row num-
ber possessed both red cob and red p ericarp. The F 2 and 
backcross generations segregated in such a manner as to show 
complete linkage between the pericarp and cob colors, a situa-
tion which is also explained on the basis of multiple allelo-
morphs. There is some eviden ce in the F 2 and three back-
crossed progenies that the same linkage with cob color (as 
well as with pericarp color) and row number exists. Again 
the results show a uniformity that can scarcely be accidental. 
A summary of the data on cob color and r~w number inter-
relations would show a decided tendency for a correlation be-
tween the two. There are some exceptional progenies, how-
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ever. Some of these may trace to variability in crossing over 
on the P (pericarp and cob) chromosome. Others may be due 
to environmental variation, obliterating' a correlation that at 
best is relatively slight. Another point should be mentioned 
here, and that is the variability in the pure strains used in 
many of the backcrosses. These trace largely to an inbreed-
ing experiment which was at the stage of the second or third 
inbreeding (self-pollination) when the material was used in this 
particular experiment. Unquestionably, some of these inbred 
strains even when phenotypically alike carried different genetic 
complexes for row number. 
TABLEXIl. COB AND PERICARP COLOR IN RELATION TO ROW 
NUMBER IN THE CROSS 
Pi- Cardinal King- 16 x Golden Bantam:-8 
F 2 generation F\ x GB8 F\ x GBlD F\ x CroBby 12 
Rowe ---------------------------R! r %D R r %D R r %D R r %D 
----------
----
--------
8 2 2 +6.5 21 25 +2.1 1 3 +3.5 0 2 +2.4 
10 21 5 4.2 29 40 +9.5 18 25 +12.3 6 8 +1.6 
12 31 4 21.1> 24 17 11. 5 31 27 7 .0 41 39 8.1 
14 19 9 +16.5 1 1 0 . 1 7 2 8.8 17 25 +7 . 1 
16 
• 3 1 +0 . 7 11 11 1.6 18 2 1 +1.9 1 0 1.3 
----------
._-
----------
Total 78 22 25.6 75 83 11.6 57 57 15.8 76 85 11.0 
----------
--------.----
P 0.19 
r 
0.41 0.16 0.35 
IArbitrary symbol for red pericarp--red cob , r being colorless pericarp and cob 
In the pl'eceding 12 tables 48 progenies from 12 original 
crosses have been tested for the associaton of cob color and 
row numbers. Of these, 21 show unmistakable and statistically 
significant evidence of correlation between these two char-
acters, and the direction of this correlation is proper for link-
age. A summary of these progenies is arranged in table XIII. 
'l'his great bulk of data, involving 10,154 individuals that show 
a significant linkage, must be considered as real evidence that 
linkage does exist. 
Among the remaining 27 progenies, 16 exhibit the same 
characteristic linkage, but the results are not significant from 
the statistical standpoint. Seven progenies show no linkage 
whatsoever. The remaining four show a reversed linkage, but 
of these, three are not statistically significant. 
A careful scrutiny of such data forces the conclusion that 
the linkages detected cannot be of a random nature. There 
must be some causal relation between row number and cob 
color. On the whole, genetic linkage between the two ,affords 
the most reasonable explanation. 
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TABLE XIII. SUMMARY OF SIGNIFICANT COB COLOR-ROW NUMBER LINKiAGES 
Data from tables I-XII 
Generation Total differences in percent 
between red and white cob 
No. plants 
F.-King Philip x Golden Glow 23.9 107 
BC-F.xWF 13.6 as6 
BC--F. x WF 8.6 319 
BC--F. xYF 18.6 192 
F.--White Flint x Iodent 16 . 3 354 
BC--F. x WF 5 . 2 893 
BC--F. x YF 7.2 723 
F.-Iodent x Golden Bantam 30 . 1 138 
BC--F. x GB 14 .6 538 
F.-Iodent x Golden Bantam 7 . 4 402 
F.-Golden Glow x Black Mexican 6.6 574 
BC--F. xGB 8.0 521 
BC--WF xF. 10 . 0 251 
F.-Iodent x Black Mexican 
BC--F.xGB 12.7 306 
BC--F. x WD 8.9 881 
BC--F. xWD 13.0 684 
BC--WD x F. 18 .7 432 
BC--F. xWF 14 . 3 120 
F.-Iodent x Black Mexican 23.4 141 
BC--F. x 14 WD 8.2 1,107 
BC--F. x 8 GB 11.4 1,135 
-
Total number plants 10,154 
BC=backcros. 
ROW NUMBER AND ALEURONE COLOR 
Aleurone color in the maize kernel develops as the result of 
three major genes A C R. The source of the purple aleurone 
color in this experiment was the 8-rowed Black Mexican sweet 
corn variety, whose genotype is AA CC RR. This type was 
crossed by several different 16 and 18-rowed dent varieties 
whose aleurone genotype was AA cc 1'1' ( colorless aleurone); 
therefore only two genes for aleurone color, Cc R1', are involved 
in this test. In all the crosses, these dominant C and R color 
genes enter the hybrids with the lower row number. Accord-
ingly if genetic linkage exists, the data should exhibit a tend-
ency for low row number and purple color, and high row num-
ber and colorless aleurone to be associated. 
Five crosses were made to test the relation between row 
number and aleurone color. 
1. Golden Glow-16 x Black Mexican-8, Cross No. 4993-
Table XIV. There is no evidence in the 'l!\ generation with its 
9:7 aleurone ratio of any association between factors for row 
number and aleurone color. The F2 ears in this and other 
crosses involving Black Mexican were exceedingly poor. Often 
it was impossible to count the rows on these irregular, poorly 
developed F2 ears. 
In all the backcrosses the ears were better formed, and there 
was very consistent proof of a linkage. The lower row num-
TABLE XIV. ALEURONE COLOR AND ROW NUMBER RELATIONS IN THE CROSS 
P,-Golden Glow-16 x Black Mexican-8 
F, generation F. x 8GB F. x WF8 & Rec. 12 F. " YF8 8YF x 10 F. F. x Crosby 12 
R owe ----------------------------------------------
P' I' % D R r % D P I' % DR . r % D R r % D P I' % D 
- - - --- - - ----- ---- - - - ------- ----- --- '--
8 7 13 +3 . 2 12.3 74 13.0 78 87 7 .8 61 35 9 . 1 86 81 0.7 2 1 0 .8 
10 90 63 1.2 125 126 +8 . 0 125 173 3.0 79 66 +1.9 100 84 5.7 29 21 6 . 5 
12 160 114 1. 3 33 40 +4 . 9 33 86 +11. 0 44 40 +3 . 2 27 40 +6 . 9 98 98 4.7 
14 63 47 +0.3 5 10 +4 . 0 I 0 0 . 5 17 35 +10 . 7 
16 9 I 5 0 . 7 0 2 + 1. 3 18 2 1 0 . 2 
-------------- ---------_._-_ ._-_ ._----
Total ~_~ 3.4 ~~~~_~~~~._-.:_.1_ -":~_ 205 ._~~ 146 157 12 . 0 
P 0 . 46 0 . 008 0 . 003 0.105 0 . 172 0 . 047 
'General .ymbollor purple aleurone color (Pl, p being colorles. aleurone, used when .pecific gene i. unknown . 
Aleurone {actor. involved are Cc and Rr only. 
l~ 
en 
00 
l 
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bers were associated with the dominant purple color to a 
noticeable degree. The colorless ears invariably had the higher 
row number. (The plus sign in this table marks the recessive, 
colorless class.) There is statistical significance in all of these 
prog'enies. 
The exact aleurone factor involved in this association is 
shown in the various backcross generations. The aleurone 
genotype of the inbred Yellow Flint (YF) strains was AA 1"1" 
CC. Accordingly when the F1R1' Ce is backcrossed with Yellow 
:B-'lint, giving a 1:1 aleurone ratio, the purple and colorless 
grains are differentiated by the Rr aleurone factors. The same 
iR true of most of the inbred strains of Golden Bantam. Accord-
ingly in such backcrosses it is the R1' pair of aleurone factors 
that is involved in the correlation. 
The White Flint inbreds are of the aleurone composition AA 
IT ee j hence any progenies involving this variety will not be 
differentiated as to the exact aleurone factor concerned. The 
Crosby inbred strains were of'three sorts AA 1'1' CC, AA 1'1' Ce 
and AA 1'1' ee. According'ly they cannot be used for exact de-
terminations of the aleurone factors. 
In table XIV, the crosses of the Fl by the Yellow Flint and 
by the Golden Bantam strains all exhibited a statistically 
significant correlation between row number and the R1' aleurone 
factors. This is verified in the other crosses of this table in 
the indirect manner as far as the particular aleurone factor 
is concerned. The combined probability value for table XIV is 
pI = 0.001, giving a rough measure of complete statistical in-
dependence, suggesting the presence of linkage. 
2. Golden Glow-16 x Black Mexican-S, Cross No. 4992-
Table XV. A duplicate of the preceding cross is arranged in 
this table. Three backcross progenies (to the 8-rowed Golden 
Bantam and White Flint varieties) all reveal that purple 
aleurone color tends to remain with: the lower row numbers. 
The test for statistical independence reveals a combined prob-
TABLE XV. ALEURONE COLOR AND ROW NUMBER RELATIONS IN THE CROSS 
PI- Golden Glow-16 x Black Mexican-8 
Rows 
8 
10 
12 
14 
12 FI x 8WF 8WF x 10 F. FI x 8GB 
---------------------------
P p % D P p %D R %D 
69 
18 
4 
76 25.2 
61 +20.9 
13 +4.3 
50 
36 
10 
o 
73 
57 
23 
2 
5.1 
0.7 
+4.4 
+1.3 
62 
20 
2 
48 15.2 
33 +16 . 4 
1 1.2 
- ------1------Total 91 150 25.2 96 155 5.8 84 82 16 . 4 
------------------------- ----
P 0.001 0.487 0.073 
R ows 
8 
10 
12 
14 
16 
18 
20 
Total 
P 
---
Rows 
---
S 
10 
12 
14 
16 
18 
- --
T otal 
- --
P 
TABLE XVI. ALEURONE COLOR AND ROW NUMBER RELATIONS IN THE CROSS 
P,-Iodent- 18 x Black Mexican- 8 
12 F, x G B8 10 F , x WF8 12 F, x WD16 & Rec. 14 F , x WD16 & R ec. 18WD x F, 
---
R 
15 
77 
51 
5 
148 
-----------------------------------------
r % D P p % D P p % D P p % D P p 
---------------------------------------
14 1.3 16 36 9 . 1 
74 5.2 12 45 + 13. 6 6 9 + 0. 6 7 10 +0 . 7 1 1 
62 +4 .8 4 7 4 .5 96 93 1. 5 110 108 2 . 8 51 29 
8 +1.7 186 181 2. 6 133 145 +0 . 7 86 69 
109 120 +1. 6 61 70 +1.2 69 81 
30 33 +0 . 5 18 20 +0. 2 22 19 
6 12 +1. 3 1 1 1 3 
-------------------------------------
158 6. 5 32 88 13.6 433 448 4 . 0 330 354 2. 8 230 202 
----------------------------------------
0 . 62 0 . 6 0 . 71 --
TABLE XVII . ALEURONE COLOR AND ROW NUMBER RELATIONS IN THE CROSS 
p,- Iodent-IS x Black M exican-8 
0 . 13 
---
% D 
---
+0 . 1 
7 .R 
3 . 2 
+10 . 1 
0.2 
+1.1 
---
11. 3 
F2 generation 10-12 F, x GB 8 14 F, x GB 8 10-12 F, x WD 14 14 F, x WD 16 16 WD x 12 F, 
- - ----------------------------- --------------p p % D R r % D R r % D P p %D P p % D P p % D 
-- ---
--- ----- - - - -- ---- - - - - --
8 7 1.0 285 260 0 .8 35 42 +1.5 
43 31 14 .S 243 206 3 . 5 68 70 5.9 22 52 1.4 1 2 +1.4 7 1 4 . 4 
20 26 +9.9 61 78 +3.9 9 16 +4.4 134 325 7 . 3 17 27 +15 . 3 4S 38 7.S 
1 5 + 5. 8 0 2 +0 .4 1 I 0 . 1 104 327 +3 . 5 40 27 12 . 1 57 73 +11.1 
26 110 +4.3 23 IS 3.7 20 22 +1.2 
0 7 +0 . 9 3 - 2 1.0 4 4 0 . 1 
-------- -------- ---- - ----- - ------ - -------- ---
72 69 15 . 7 589 546 4 . 3 113 129 5 . 9 286 821 8 . 7 84 76 16 . 7 136 138 12 . 3 
--------------------- - - --- ---- --- - ---------------
0.152 I 0 . 0009 0 . 75 0 . 036 0 . 25 0 . 105 
~ 
-:! 
o 
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ability of 0.002. The last cross in this table points clearly to 
the Rr aleurone factor as being concerned in the correlation or 
linkage. . 
3. Iodent-1S x Black Mexican-S, Cross No. 7044-Table 
XVI. Here are five backcross progenies involving large num-
bers of individuals. When the F 1 of this cross was pollinated 
by the 8-rowed types, Golden Bantam or White Flint, there is 
t he same tendency of a linkage shown in the preceding cases, 
altho the association is not so pronounced as to be significant. 
The same is true when the Fl was crossed to the 16-18 rowed 
White Dent variety. The purple segregates tend to carry the 
lower row numbers. In only two of these backcrosses is this link-
age significant. The aleurone composition of the White Dent 
strains was variable; and hence the exact aleurone factor in-
volved cannot be predicated. Statistically there is no proof 
of independence in table XVI because the combined probability 
is 0.57. 
4. Iodent-1S x Black Mexican-S, Cross No. 7045-Table 
XVII. A duplicate of the preceding cross shows many indica-
tions of the linkage. This is especially striking in the F 2 gen-
eration and in two of the backcrosses. One backcross to the 
White Dent (14 Fl x WD 16) shows a reversed linkage but 
the fairly high value of P precludes any significance being at-
tached to such a linkage. When tested by the combined prob-
ability, the data in table XVII give a value for P' of 0.02. 
5. White Dent-16 x Black Mexican-S, Cross No. 7043-
Table XVIII. The white dent variety in this cross was the 
highly selected Illinois High Fat (oil) strain. There is no evi-
dence of any association between row number and aleurone 
color here, all the values of P being too high. 
Aleurone color has been tested for its association with row 
number in a total of 23 progenies as shown in the preceding 
TABLE XVIII. ALEURONE COLOR AND ROW NUMBER RELATIONS IN THE CROSS 
P,- White Dent (HF)-16 x Black Mexican- 8 
Rows F2 generation F, x WDl6 (HF) F, x Ever 16 
----- --------------------
P p % D P p % D P p % D 
- - ------ ---------------------
8 23 16 0 .0 0 1 +0 .5 
10 58 45 +4 .6 9 16 +5 .3 18 22 +0. 6 
12 58 36 4 .3 78 68 4 . 1 98 91 10.3 
14 6 4 0 .2 53 45 3 .7 58 81 +6 .7 
16 8 10 +1.7 11 17 +2.0 
18 0 1 +0 .7 0 1 +0 . 5 
Total 145 101 4 .5 148 140 7 .7 185 213 10.3 
P 0 .36 0 .30 . 
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tables. Of these, 11 exhibit a significant correlation, indica-
tive of genetic linkage. The evidence points especially to the 
R1' pair of aleurone factors as being definitely concerned in 
this association with row number genes. 
Eight of the twenty-three progenies give some evidence of 
the same linkage and in the proper direction, but the results 
cannot be considered as statistically significant. Only four of 
the progenies fail to show the correlation. 
Knowing that the R-bearing chromosome in maize undergoes 
much crossing over, it is not surprising that any genetic linkage 
involving this chromosome would be difficult to detect unless 
it were a very close type of linkage. To say the least, there 
is some evidence, altho circumstantial, that a row number 
gene is carried on the R-chromosome. 
ROW NUMBER AND ENDOSPERM TEXTURE (SUGARY) 
In this phase of the investigation, it was possible to arrange 
for the reciprocal test of the relation between the starchy-
sugary (Btl St~) genes and row number. In one set of crosses 
the sugary character was introduced into the hybrid with the 
higher row number ) crosses No. 4991, 5439 and 5447). In an-
other set of crosses the parents were sugary-lower row num-
ber by starchy-higher row numbers. This provides for the neces-
sary solution to the nature of any association between these 
characters. In case genetic linkage exists, the two sets of 
crosses should be different in the manner in which the Btl Stl 
genes are related to the row number factors. If not, the cause 
of any correlation is likely to be physiological or some other 
similar agent, rather than genetic linkage. 
PARENTAL COMBINA'l' IONS OF SUGARY-HIGH X STARCHY-LOW 
ROW NUMBER 
1. EvergTeen-16 x Yellow Flint-8, Cross No. 4991-Table 
X~X. Three hybrid progenies with reasonably large numbers 
TABLE XIX. ENDOSPERM TEXTURE AND ROW NUMBER RELATIONS 
Rows 
8 
10 
12 
14 
16 
Su 
19 
69 
139 
7 
1 
Total 235 
IN THE CROSS 
P,- Evergreen- 16 x Yellow Flint- 8 
F2 generation 
su % D 
o 8 . 1 
15 2 . 6 
39 +10 . 4 
2 +0.5 
o 0 . 4 
56 11. 1 
Su 
129 
58 
4 
o 
191 
F, x GB8 
8U % D 
73 17 . 9 
60 +10.4 
13 +6.7 
1 +0 . 7 
147 17 .8 
Su 
19 
48 
31 
o 
98 
F, x Crosby 12 
8U %D 
13 6 .6 
42 7 .8 
44 +11 .1; 
3 +2 . 9 
102 14 . 4 
-P- --0-i58------ (l.(jol·------·~·---
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all exhibit a significant tendency for an association of the 
sugary segregates and the higher row number. In all three the 
values of P are low enough to give assurance of a linkage; and 
what is equally · interesting, this definite tendency for more of 
the higher-rowed ears to be sweet is roughly of the same intensi-
ty in the three progenies. 'The combined probability value in this 
table is 0.001 which is extremely indicative of the presence of 
linkage. 
2. Crosby-l~ x Yellow Flint-S, Cross No. 5439 and 6277-
Tables XX and XXI. In these duplicate crosses of a 12-rowed 
sweet corn by an 8-rowed flint type, there are many evidences 
of the same linkage, altho several exceptions are to be found. 
These exceptions occur in the F 2 generation (table XXI) and 
in the backcross to the Yellow Flint parent in table XX. H ere 
there is a distinct tendency for the hybrids to reverse the link-
age in that the sugary ears have the lOWe?" row number. Both 
di&tributions result in a value of P so low as to be significant ; 
hence this reversal cannot be explained away. There appears to 
be no reason for the exception, especially since several other 
progenies in these two crosses show a distinct tendency towards 
linkage. This is particularly true in tlJ.e backcross to the 
8-rowed White Flint type, comprising 756 individuals (table 
XX). Here the sugary gene is distinctly associated with the 
higher row number, even despite the fact that this backcross 
was made in such a manp.er (Su su x Su Su male) as to permit 
only an indirect measure of the linkage. 
It is worth noting that this same Crosby variety which in-
troduced unusual relations in its sugary character, gave equally 
peculiar results with respect to cob color and row number 
(see table X). 
3. Crosby-12 x White Flint-S, Cross No. 5447-Table XXII. 
In the F 2 generation and in two backcrosses to both parents, 
there is a rather consistent tendency for the sugary segregates 
to be associated with the higher row numbers. In none of the 
progenies are the results mathematically significant. Some 
emphasis, however, should be placed on the consistency of the 
results in the three distributions. Under these circumstances 
the linkage, if existent, is either relatively loose or the row 
num bel' gene on this chromosome exercises but a minor role. 
From the three preceding crosses one may conclude that 
under 'some circumstances, a slight correlation exists between 
starchy-sugary endosperm and row number in such a manner 
that the recessive sugary character tends to remain with the 
higher row numbers. This tendency, however, is not marked 
and there are some exceptions. 
Rows 
8 
10 
12 
14 
16 
Total 
P 
'1' ABLE XX. ENDOSPERM TEXTURE AND ROW NUMBER RELATIO:-.IS IN THE CROSS 
. P,- Yellow Flint- 8 x Crosby- 12 
j 
F, x Crosby 12 F\ x OB8 & Ree. F, x GB8 ~\ x WF8 F, x YFd 
--- ---
._---
---
._--._--
----
._-
------------- .---- ------
Su 
17 
15 
45 
3 
1 
81 
su % D Su su % D Su su % D Su Su Su su % D Su Su 
--------------------------------- ----
8 10 . 7 130 103 5 .7 65 56 17 .6 269 225 5 .8 25 
18 +4 .6 47 51 +6 . 3 18 32 +11.5 109 97 0.7 17 
47 +4 .6 13 11 0 . 2 6 13 +6 .2 17 39 +6 . 5 1 
5 +2 . 7 1 0 0 .6 
0 1.2 
------ ------------------------------
78 11.9 191 165 6 . 3 89 101 17 . 7 395 361 6 . 5 43 
------
._--
--- - ------------
._--
----------
0 . 39 0.42 0 . 04 0.002 
- ---- ----
TABLE XXI. ENDOSPERM TEXTURE AND ROW NUMBER RELATIO:-.IS IN THE CROSS 
P,- Yellow Flint- 8 x Crosby- 12 
F , (from 8-F, ) F , (fr0111 to-F,) F , (from lO-~' , ) 12 F, x 8YF 8 F, x 8YF 
Hu su % D 
__ 4_-
---
45 +19.4 
10 22 . 3 
3 +2 .9 
._---
- - -
58 22.3 
-------
0 .04 
10 F, x 8WF 
Su %D Rows I--,----,---I--,--,·- ---I--,--I·o/;;D!· s-:'s ;;-T Su BU I % D I Su Su I Su su I % D I Su Su I Bu su I % D 8U su %D Su BU Su 
8 
10 
12 
Total 
P 
47 
68 
13 
128 
22 1+21.2 12 21.6 
4 +0 . 3 
38 21.5 
0 . 00 
34 
26 
8 
68 
17 
9 
3 
29 
+8 . 5 
7 . 1 
1.4 
8 . 5 
42 
51 
24 
117 
13 I 1.7 21 +11 . 5 
4 9.9 
38 11.6 
0.31 
25 
26 
3 
54 
27 
33 
5 
65 
4 . 8 
+2.6 
+2 . 2 
4 . 8 
31 
18 
6 
5.5 
23 I 1.6 18 +10 . 2 
1 8.5 
42 to . l 
0 . 22 
58 
20 
2 
80 
48 
17 
2 
67 
0 . 8 
+0 . 4 
+0.5 
0 .9 
"" -:) fl::o. 
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'fABLE XXII. ENDOSPERM TEXTURE AND ROW NUMBER RELATIONS 
IN THE CROSS 
P.- White Flint-8 x Crosby- 12 
ROWB F2 generation F. x Crosby 12 F. x WF8 
Su 8U %D Su su %D Stl Bu Su eu %D 
- - --------------------------
8 62 26 7 .0 1 4 +3.5 88 69 5 . 4 
10 48 29 +5. 1 11 6 6 . 6 35 32 +2 . 0 
12 52 27 +0 . 3 53 59 +4.0 6 9 +3 . 5 
14 1 2 +1.7 13 12 2 . 0 
16 2 3 +1.0 
Total W3-' 84:- - 7- .-0 - -SO~' - 8- .-6- """l2!l1l()j5:"5 
-P----- (J.47 -- . -- - ---0:45 ------0.58'---
PAREN'fAL COMBINATIONS OF SUGARY-l,OW X STARCHY-HIGH 
ROW NUMBER 
4. Golden Bantam-S x Golden Glow-16, Cross No. 4988-' 
Table XXIII. In this and the many subsequent crosses the 
parent that contributed the sugary gene had the lower row 
number. If genetic linkag'e is present there should be a tend-
ency for the sugary segregates to be lower in row number tha.l1 
the starchy. This situation is consistently true in this first 
cross, both in the F 2 generation and in the backcrosses. Particu-
larly in the backcross to the Golden Bantam parent, made 
reciprocally, is this linkage apparent. 
Thus we have evidence that the correlation between endo· 
sperm texture and row number is apparently genetic in nature, 
caused presumably by linkage of the sugary (01' starchy) gene 
and at least one of the many genes controlling row number'. 
At any rate this and the preceding Cl'osses tend to disprove 
any g'eneral OJ' physiologica.l correlation between the characters 
in question since the direction of the correlation is different in 
the two sets of crosses. 
TABLE XXIII. ENDOSPERM TEXTURE AND ROW NUMBER RELATIONS 
IN THE CROSS 
P.- Golden Bantam-8 x Golden Glow-16 
Rows F'l generation l F. x GR8 and Rec. F. x Crosby 12 and Rec. 
8 
10 
12 
14 
16 
Total 
p 
---.--------------------------
Su 8U % D Su su % D Su 8U % D 
14 
36 
39 
8 
97 
17 +16.5 
21 +1.1 
15 12 . 9 
2 4.7 
55 17.6 
0.06 
41 
71 
43 
155 
45 +12.6 
48 4.1 
2~ 8.6 
115 12 . 6 
0.06 
4 
36 
77 
10 
3 
130 
7 
44 
79 
7 
5 
142 
0 . 71 
+1.8 
+3 . 3 
3.6 
2.8 
+1.2 
6.3 
'Portion of F , destroyed by accident 
I 
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TABLE XXIV. ENDOSPERM TEXTURE AND ROW NUMBER RELATIONS 
IN THE CROSS 
Rows 
Su 
------1----
8 
10 7 
12 4 1 
14 38 
16 12 
18 0 
------_. 
Total 98 
PI- Iodent- 16 x Golden Bantam- 8 
F 2generation 
Bll I % ~_ 
0 
16 
14 
8 
2 
8.0 
1.4 
3 . 4 
+ 7.9 
+5 :0 
---1----
40 12 .9 
F, x OB8 and Rec. 
._--,-----,------
Su su 
44 
107 
112 
17 
~ 
42 
96 lor. 
12 
I 
% D 
+ 0 .8 
0 .5 
+1.3 
1.3 
0 . 3 
----1---------
256 2.1 
------f----II---- .-----·----1----
P 0.04 
5. Golden Bantam-8 x Iodent-16, Cross No. 5427-Table 
XXIV. This cross affords another example of the uncertainty 
of the linkage under discussion. In this case the F2 data show 
a tendency for the sugary character to be associated with the 
higher row numbers. The number of individuals concerned, 
however, is not very great. The backcross does not confirm 
this reversal of linkage in which the non-parental combinations 
occur in excess. 
6. Golden Bantam-8 x Iodent-16, Cross No. 6259-Table 
XXV. A duplicate of the preceding cross, this cross exhibits 
the same inconsistent relations whereby either no linkage is 
evident or else it is expressed in a reverse direction. At present 
there is ' no apparent explanation for the case. 
7. Black Mexican-8 x Golden Glow-16, Cross No. 4993-
Table XXVI. In this cross the sugary character was brought 
in by the 8-rowed Black Mexican sweet corn parent. Here is 
a large series of hybrid progenies in which there is little or no 
evidence of linkage between endosperm and row number genes. 
As a matter of fact, the most significant data exhibit the re-
versed form of the linkage, characteristic of the two preceding 
crosses. 
8. Black Mexican-8 x Golden Glow-16, Cross No. 4992-
Table XXVII. A series of three backcrosses in which the num-
TABLE XXVII. ENDOSPERM TEXTURE AND ROW NUMBER RELATIONS 
IN THE CROSS 
PI- Golden Glow-16 x Black Mexican-8 
Rows 12 Fl x 8WF 8WF x 10 Fl Fl x 8GB 
Su Su Su BU %D Su Su Stl Stl %D Su BU % D 
- - ------------------------ -
8 68 77 6.1 23 26 +12.7 56 54 +2.4 
10 31 48 +6.8 21 13 12.3 29 24 3.7 
12 8 9 0.8 7 5 2.7 1 2 +1.3 
14 0 1 +2.2 
Total 107 134 6.9 51 45 14 .9 86 80 3.7 
P 0.39 
---
Rows 
S 
10 
12 
14 
16 
Total 
P 
TABLE XXV. ENDOSPERM TEXTUHE AND ROW NUMBER RELATIONS IN THE CROSS 
p,- Iodent-16 x Golden Bantam-S 
- - -- ---
F: generation F, x GBS F, x WFS F, x WFS & Rec.' 12 F, x WFSI 
---------------------------
._--
-------
._--
---
._--
Su BU %D Stl BU % D Su Su Su su % 0 Stl Su Su BU %0 Su Stl Su BU %0 
---------------------------------------------
16 2 3.7 47 32 7.6 116 127 +2.S 109 lOS 1.2 54 44 2.8 
9S 43 +5.0 83 72 2.0 170 159 3.8 162 169 +0.4 7S 64 3.6 
139 59 +5.3 21 31 +8.9 57 6t +0.9 108 110 0 .4 8 15 +6.5 
36 7 6.1 0 1 +0.7 2 2 3 8 +1.2 
2 0 0 . 7 
._--
---
._--
----------
._--
---
---
---
._--
------ ---
291 III 10 . 3 151 136 9.6 345 349 3.7 3S2 395 1.6 140 123 6 .5 
---------------
._ --------_. 
-------------------
0.131 0.129 -- 0.552 0 . 182 
IThis Fl traces to another similar crOBB except that the Iodent parent was 1S-rowed. 
Rows 
8 
10 
12 
14 
16 
18 
---
Total 
---
P 
TABLE XXVI. ENDOSPERM TEXTURE AND ROW NUMBER RELATIONS IN THE CROSS 
PI- Golden Glow-16 x Black Mexican-S 
F2 generation F, x SGB F, x WF8 & Rec. 12 F, x YF8 8YF x 10 F, 
- ----
._--
---
------------
._-
SUBU \ % 0 -
._-._-
---
Su BU %0 Su BU %0 Su Su Su Btl % D Su Su SuSu Su BU % 0 
------
17 3 2.6 106 91 1.5 87 78 6.7 59 37 5.4 1:'6 81 1.8 
105 48 +0.2 134 117 1.2 137 161 +1.9 79 66 +4.0 87 97 +5.4 
194 80 4.4 35 38 +2.8 49 70 +4.8 45 39 +3.2 37 30 3.1 
67 43 +7.0 to 5 1.8 1 0 0 .5 
9 5 +0.5 
3 0 0 .8 
---------
._-- ._--
------------ - - -
.. _-
-----
395 179 7.7 275 246 2.7 273 309 6.7 193 147 7 .2 211 208 5.4 
----------------------------
---_._--
0.175 0.132 0.55 0.48 
F, x CroB~Y 12 
-- -----
Su BU %0 
2 1 0.5 
28 22 0.6 
110 86 2.7 
27 25 +2.2 
0 2 +1.5 
-------
167 136 3.7 
--
._-----
O.Sf) 
t-:) 
-1 
-1 
Rows 
---
8 
10 
12 
14 
16 
18 
20 
Total 
TABLE XXVIII. ENDOSPERM TEXTURE AND ROW NUMBER RELATIONS IN THE CROSS 
p,- Iodent-18 x Black Mexican-8 
12 F, x GB 12 F, x WO & Rec . 14 F, x WD & Rec. 18WO x F, 10 F, x WF8 
-- '- - ---- - - --- ---- - - ----------------- --
Su su %D Su Su Su Bll % 0 SuSu Su au % 0 SuSu Su su %0 Su Su Su su %D 
----
._--
--- - ------------ - - -----------
18 11 3.3 i 30 22 13 .2 84 67 4.0 8 7 0 . 2 11 . 6 1.4 1 0 . 1 25 32 +11.5 
58 55 +3. 3 97 92 0 . 9 113 105 1.2 43 37 3 .8 5 6 +1.7 
4 9 +3.9 186 181 0.9 149 129 4 . 3 74 81 +1.3 
114 115 +0.4 61 70 +3.3 67 83 +5.5 
31 32 +0.3 14 26 +3.5 23 18 2 . 9 
6 12 +1.3 2 2 
164 142 7 .2 I 442 I 439 2 . 0 I 348 I 336 6 .8 I 210 I 222 6 .8 60 60 13 . 2 
I~ F, x Ever 16 
._-
- -
._ ---
Su su %0 
--
._ - -
- - -
11 7 5 . 5 
25 23 +1.1 
19 18 +1.8 
2 3 +2.4 
1 1 +0.2 
58 52 5 . 5 
-p--I--· 0.25 -· -I---~----i--·D.14---I--IO~_'--I---· 0 .35 ----i-----==----
Rows 
---
8 
10 
12 
14 
16 
18 
---
Total 
---
P 
TABLE XXIX. ENDOSPERM TEXTURE AND ROW NUMBER RELATIONS IN THE CROSS 
P,- Iodent-18 x Black Mexican-8 
F2 generati on 10-12 F, x GB 8 14 F, x GB 10-12 F, x WO 14 14 F, x WO 
----
.-->--
- - - ------------------ ----------
Su su % 0 Su su %0 Su su %0 SuSu Bu au %0 Su Su Su su %D 
-----------------------------------
9 6 +0.4 274 271 +2.1 35 42 +1.6 
49 25 11.5 234 215 1.2 68 70 6.0 40 34 1.0 2 1 1.8 
23 23 +15 . 0 75 64 1.3 10 15 +2 .8 222 237 +2 . 9 23 21 10.3 
5 1 4 .0 0 2 +0 . 4 0 2 +1.6 220 211 1.4 28 39 +2.3 
70 66 0.6 15 26 +6.9 
3 4 +0 . 1 1 4 +3.0 
------ ------
---
----------------------
86 55 15.5 583 552 2 . 5 113 129 6.0 555 552 3 . 0 69 91 12.2 
------------------------------------
0.224 0.35 0 . 43 0.817 0.51 
WO x 12 1", 
--------
Su Su Su su %0 
-------
4 4 0.5 
47 39 10.5 
54 76 +9.3 
19 23 +0.7 
3 5 +1.0 
--------
127 147 11.0 
--- -
---_. 
0 . 41 
N 
_1 
00 
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bel's are l:ather small fails to show any significant relationship 
between the characters under discussion. 
9. Black Mexican-S x Iodent-1S, Cross No. 7044-Table 
XXVIII. No significant linkage is apparent in this large series 
of progenies. There is the same slight tendency for the sugary 
segregates to possess the higher row number. 
10. Black Mexican-S x Iodent-1S, Cross No. 7045-Table 
XXIX. This is the fourth cross involving the 8-rowed Black 
Mexican and 16-18-rowed Yellow Dent varieties. It repeats 
the same phenomenon, a tendency for a reverse linkage in 
which the sugary character possesses a slightly higher row 
number. None of the tests for association, however, are signi-
ficant; yet the consistency of this reversed correlation un-
doubtedly means something. 
11. Black Mexican-S x White Dent (HF)-16, Cross No. 7043 
-Table XXX. In the two hybrid progenies showing a signifi-
cantly low value of P, there is evidence of a correlation in the 
orthodox direction for a genetic linkage. This indicates that 
the sugary gene from Black Mexican is not always associated 
with the higher row numbers. The combined probability value 
in table XXX proved to be 0.017. 
TABLE xxx. ENDOSPERM TEXTURE AND ROW NUMBER RELATIONS 
IN THE CROSS 
P,~White Dent (HF)-16 x Black Mexican- 8 
Rows F : generation F, xWD (HF) Fl x Ever 
----------------- ---
Su sU % D Su Su Su au % D Su su %D 
_.-
----------------
8 29 10 3 . 9 0 1 +0 . 5 
10 59 44 +23.3 13 12 1.9 17 23 +2 . 3 
12 62 19 11 . 5 69 77 1.4 89 100 +2 . 1 
14 20 3 7 . 9 45 53 +0 . 8 65 74 +2 . 1 
16 6 12 +3.3 20 8 6 . 5 
18 1 0 0 . 7 1 0 0.5 
- - ---------------
TQtal 170 76 23 . 3 134 154 4 . 0 192 206 7 . 0 
---
---
._-
------------ ----------
P 0.005 I 0.644 I 0 . 125 
12. Golden Bantam-S x White Dent (SK) -lS, Cross No. 
6101-Table XXXI. The F2 data and the backcross to the 
Golden l?antam parent afford rather positive proof that an 
orthodox genetic linkage exists at least in some crosses. Here 
the sugary segregates are distinctly lower in row number in 
two progenies. This cross also exhibits a low combined proba-
bility of statistical independence, pI equaling 0.013. 
13. Golden Bantam-S x Cardinal King--16, Cross No. 4998-
Table XXXII. In the F 2 generation there is verification of the 
linkage but the numbers are too small to mean a great deal. 
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TABLE XXXI. ENDOSPERM TEXTURE AND ROW NUl\lBER RELATIONS 
IN THE CROSS 
PI- White Dent - I8 x Golden Bantam-8 
Rows F2 generation F,,, GB8 F, x WF8 and Rec. 
Su su %D Su BU % 0 Su Su Su su % 0 
8 3 1 +0 . 6 41 43 +4.2 64 47 3 .8 
10 12 8 +11 . 8 52 54 +4.8 59 44 3.1 
12 64 · 26 +23 . 1 21 10 9 . 0 55 57 +7 .9 
14 58 6 20.8 3 1 0.9 
16 25 1 12 .8 
18 2 0 1.2 
20 1 0 0 .6 
-----------------------
._--
---
Total 165 42 35.4 114 107 9 . 0 181 149 7 . 8 
p 0.004 0.16 0.46 
The backcrosses to the 8-rowed, sugary parent certainly do not 
confirm the linkage, but suggest the reverse form of it. 'l'he 
differences, however, are too small to be conclusive. The cross 
with the 12-rowed Crosby points to a linkage in the regular 
direction. 
TABLE XXXII . ENDOSPERM TEXTURE AND ROW NUMBER RELATIONS 
IN THE CROSS 
PI- Cardinal King-I6 x Golden Bantam-S 
F2 generation FI x GR8 FI x GBIO FI x Crosby 12 
Rows ----------._-------- - ----
Su su %D Su su % 0 Su su %0 Su su %0 
--------- - ------------
8 2 2 +9.4 22 24 1.1 2 2 0.0 2 0 2.3 
10 21 5 +4.1 34 35 4.3 23 20 5.3 3 11 +11.2 
12 25 10 +28.7 17 24 +5.6 27 31 +7.0 44 36 3.2 
14 28 0 33.7 1 1 0.1 5 4 1.7 28 14 13.9 
16 4 0 4.8 8 14 +9.4 
18 3 0 3.6 1 0 1.2 
--
._-
----
--
--_. 
----------
Total 83 17 42.1 74 84 5 .5 57 57 7.0 86 75 20.6 
--
._-
----- - ------------
P O.IS -- - 0.16 
14. Crosby-12 X Golden Glow-16, Cross No. 4985-Table 
XXXIII. This and the succeeding cross differ from the pre-
ceding crosses because altho the sugary parent contributed 
the lower row number, it was 12-rowed. There is considerable 
proof of a linkage under these circumstances since in three of 
the four hybrid progenies the sugary ears have relatively the 
lower row number. The number ~f individuals is not large, 
however, because the straightness of the rows in this cross was 
poor, and accordingly larger plantings were not made. 
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TABLE XXXII! . ENDOSPERM TEXTURE AND ROW NUMBER RELATIONS 
IN THE CROSS 
PI- Golden Glow-16 x Crosby- 12 
F, x GB8 F, x GB8 F, x GB8 F, x Crosby 12 
Rows ------------------------
Su Stl % D Stl Stl % n Su su % D Su su % D 
-----1--- -------- - --------.--------
8 
10 
12 
14 
16 
18 
3 2 0.5 15 
34 32 +8.2 37 
47 36 0 .3 24 
8 1 7 . 3 3 
19 + 12.6 26 
25 5.2 36 
15 5.4 32 
1 2.1 
15 8.0 
42 +16.9 11 
19 9 .0 43 
31 
5 
1 
8 I. 6 
52 +21. 2 
15 14 .4 
I 4.2 
o 1.1 
-----1--------------_·_---------
Total 92 71 8.1 79 60 12 . 7 94 76 17.0 91 76 21.3 
P I - D.2---- D.36--1--~--1-- O~--
15. Crosby-12 X Iodent-18, Cross No. 5431-Table XXXIV. 
There is a slight tendency here for the sugary ears to carry 
the higher number of rows, giving another hint of unorthodox 
behavior as far as linkage explanations are concerned. Only 
the last backcross in this table gives evidence of genetic link-
age between the Su su genes and any row-number genes. 
While some crosses involving the StL su genes can be cited 
to prove that genetic linkage with row number genes exists. 
there are too many cases where the rever:sed correlation (non-
parental classes occuring more frequently than the parental) 
appears. There would seem to be, however, no apparent reason 
for any association of the sugary character with higher row 
number that traces to any physiological (or morphological) re-
lation between the two, since one is an endosperm character 
and the other a structural character of the maize ear itself. 
There is, of course, the possibility that the 8-rowed sweet 
corn varieties in the crosses showing the reversed form of link-
age, carry another row-number gene on the StL chromosome 
TABLE XXXIV. ENDOSPERM TEXTURE AND ROW NUMBER RELATIONS 
IN THE CROSS 
PI-Iodent-18 x Cr()sby- 12 
Rows 
F2 ,generation F. x Crosby 12 F. x Crosby 12 FI >; Crosby 12 
Su su % D Su su % D Ru su % D Su su % D 
8 0 1 +1.0 
10 3 0 1.1 2 2 0.0 0 1 +1.0 
12 76 30 2.4 31 39 +2.7 3 0 6.8 1 lR +16.7 
14 134 60 +1.1 89 81 3.2 20 10 16 .9 18 26 +5.7 
16 69 32 +1.4 103 125 +7.1 13 14 +10.5 40 39 5.8 
18 13 7 +1.0 44 34 3.7 7 10 +12.7 19 15 6 .2 
20 15 7 2.9 1 1 +0.6 13 2 12 .3 
Total 295 129 3.5 284 288 9.8 44 35 23.7 91 102 24 . 3 
p-------0:73'----D.176 --1--0.205----0-:0001--
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that governs a higher row number than is phenotypically ap-
parent in their eight rows. While there are inumerable cases 
of this sort in genetic experiments, especially in the case of 
inhibiting factors, there is no reason to call on them in the 
absence of di.rect experimentl'ltion. At present, this correlation 
of the sugary and row-numbel' characters needs more critical 
testing. The most that can be said at present is that in some 
crosses there is evidence of genetic linkage betwC'cn the sugary 
charactcr and row number. 
ROW NUMBER AND ENDOSPERM COLOR 
In many varietal crosses of maize, yellow and white endo-
sperm behave as if they werc control led by a single pair of 
Mendelian factors, Yy. Data bearing on the relation of these 
factors to row number factors are available in two sets of 
crosses, (1) where yellow color is contributed by the parent 
with the higher row number (tables XL",{V and XXXVI), and 
(2) where the yellow comes in with the lower number of· row!'; 
(tables XXXVII, XXXVIII, XXXIX, and XL). 
1. Iodent-16 x White Flint-B, Cross No. 6257-Table XXXV. 
This cross in which the yellow endosperm color and the higher 
row number were introduced together by the parental Iodent 
variety involves a reasonably large number of plants. The re-
sults in four progenies are consistent in showing an association 
of yellow (Y) color with higher row number and white color 
(y) with the lower number of rows. The data are particularly 
significant in the backcross to the 8-rowed White Flint parent. 
comprising 893 individuals. Here in the eight-rowed class, 7 
percent more of the ears are white than yellow. The chi-square 
test would seem to prove that the two endosperm color fre-
quencies were significantly independent and, hence, that somC' 
correlation exists between the row number and yellow endo· 
sperm characters. 
TABLE xxxv. ENDOSPERM COLOR AND ROW NUMBER RELATTONS 
IN THE CROSS 
PI- White Flint- 8 x Iodent- 16 
Rows 
F2 generation FI x WF8 & Rec. Fj x YF8 * FI x ~vergreen 16 
Y y % 0 Y y % D YY Yy % 0 Y y % 0 
8 0 1 +0.9 45 77 +7 . 2 41 68 +8 . 1 0 2 +1.4 
10 30 Vi +2 . 2 131 118 2. 8 44 52 5 . 9 6 11 +3 . 5 
12 139 59 +0.4 242 227 3.2 19 22 2.9 54 57 +2 . 8 
14 59 20 4 . 6 27 23 1.1 a 1 +0 . 7 66 59 3 . 9 
16 20 10 +1.5 2 1 0 . 2 17 15 1.2 
18 1 0 0.4 5 1 2.7 
._-
--------------------
Total 249 105 5 . 0 447 446 7 . 2 104 143 8.8 148 145 7 . 8 
- ------------------- -- ---
--,----
P 0 . 59 0 . 04 0 . 49 0 . 24 ' 
.Reciprocal does not permit a clear endosperm color classification 
TABLE XXXVI. ENDOSPERM COLOR AND ROW NUMBER RELATIONS IN THE CROSS 
PI-Jodent- l 8 x Crosby-12 
F2 generation l-l F, x Crosby l6 Fl x Crosby l6 Fl x Crosby 18 Fl x Crosby. 
Rowe 1------·---.---------.------------ - ---------------- -----y y %0 y y % D y y % 0 y y % 0 y y %0 
---------- ------ ------------------ ---------- ----
8 0 I.l 
10 3 0 1.2 I 3 +0 .8 0 1.1 I:\:) 
12 61 29 +4.3 27 33 +1.5 5 4 1.4 3 7 +5.9 7 12 +3.7 00 
14 101 52 +11.1 47 89 +15 .9 22 27 +0.4 16 18 +0.9 21 23 1.5 <X> 
16 64 15 l1.3 94 81 9.0 46 60 +3.3 22 31 +11.5 30 49 +13.4 
18 12 2 2 .9 38 26 6 .5 28 31 2.0 10 4 11.1 l7 17 2.8 
20 11 5 2.9 11 13 0.2 5 1 7.3 12 3 10.6 
Total 241 98 l5.4 218 237 18 .2 112 135 3.6 56 6l 18.3 89 l04 17.l 
P 0 . 066 0.003 0 . 089 0 . 058 
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2. Iodent-18 x Crosby-12, Cross No. 5431-Table XXXVI. 
This cross of an 18 by a 12-rowed type gives ample verification 
for the correlation of yellow endosperm color with the higher 
row number. In four of the five progenies the data are strong-
ly indicative of an orthodox linkage while in the fifth there 
is a slight tendency in that direction. The combined probability 
of statistical independence for this series of progenies is 0.002. 
TABLE XXXVII . ENDOPSERM COLOR AND ROW NUMBER RELATIONS 
IN THE CROSS 
PI- Yellow Flint- 8 x Crosby-12 
FI xWF8 FI x YF8 FI x WF8 1 FI x WF & Reel 
Row. ------------------------
Y y % D YY Yy %D Y y %D Y y %D 
--
------------ ----
--
8 255 239 6.7 41 29 16 .9 60 46 22 . 0 195 193 3 . 0 
10 94 112 +3.8 10 17 +16.5 10 27 +22.1 84 85 0 .7 
12 22 34 +2.9 2 2 +0.4 2 2 0 . 1 20 32 +3 . 6 
----- - ----------------
Total 371 385 6 .7 53 48 16 . 9 72 75 22.1 299 310 3 . 7 
--'----- - ----.-
_._--
------- - ----
P 0 . 11 0 . 17 0.009 0.309 
I Another similar cross 
3. Yellow Flint-8 x Crosby-12, Cross No. 6276- Table 
XXXVII. This cross is the reverse of the preceding ones in 
that here the yellow endosperm color enters with the lower 
number of rows. The four progenies show a definite associa-
tion of yellow color and lower row numbers, which is in distinct 
contrast to the situation in the two preceding crosses. The low 
combined probability (PI = 0.012 ) renders this correlation or 
linkage significant. 
This disposes of any physiological cause for the correlation 
and suggests rather pointedly that one of the genes controlling 
row number is linked with the Yy pah' of endosperm color 
genes. 
This is confirmed to some extent in table XXXVIII, in which 
the data from a similar cross appear. Here, however, only the 
TABLE XXXVIII . ENDOSPERM COLOR AND ROW NUMBER RELATIONS 
IN THE CROSS 
P,- Yellow Flint-8 x Crosby- 12 
F , (from 8-FI) F , (from lo-FI) F , (from lo-FI) 10 FI x WF 
Rows ------------- - ----------
Y y % D Y y % D Y y % D Y y %D 
----------------------- -
8 3{ 13 +0.7 28 6 +16 . 4 33 9 6 . 5 60 46 22 . 0 
10 49 19 +1.6 19 7 7 . 3 39 12 2.9 10 27 +22 . 1 
12 IO 3 2 . 1 5 3 9 . 1 16 8 +9.4 2 2 0 . 1 
----------------------
Total 93 35' 2.3 52 16 16.4 88 29 9 . 4 72 75 22 . 1 
,--
----------------
------
P - 0 .41 0 .55 0 . 008 
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TABLE XXXIX. ENDOSPERM COLOR AND ROW NUMBER RELATIONS 
IN THE CROSS 
PI While Dent- L8 x Golden Bantam- S 
F , (from 12- FI) F , (fr om 14- FI) FI x WF8 14 FI x WD16 
Row! ----.-- ---- ------y y % 1) y y % D y y % D y y % D 
-- -- ------
8 2 0 5,7 I 0 1.3 57 M 7 .5 
10 3 4 +6.2 2 3 +8.5 46 57 +1.4 
12 ~4 10 31. 6 23 7 3.9 46 66 '16.4 10 U +O.S 
14 :') 10 +22.7 36 8 17 .2 2 2 0 .2 16 23 +7.5 
16 1 3 +8.2 13 8 + 12.7 20 19 6 .8 
18 1 1 +2.4 5 6 +0.5 
20 1 0 1.3 1 0 1.9 
'- -------- -- ----------
Total 3.'> 27 37. I 77 27 23.6151 179 7 .752 60 8.7 
P 0.05 0.29 0.49 0 .74 
backcross to a White Flint type affords any significant data. 
Additional verification is to be found in table XL,,{IX, altho 
here the indications of linkage are significant only in one F 2 
generation. The last table (table XL) merely affords some 
suggestion of a linkage in the F2 generation. 
TABLE XL. ENDOSPERM COLOR AND ROW NUMBER RELATIONS 
IN THE CROSS 
Pl- Evergreen- 16 x Yellow Flint-8 
Rows F'! generation 10 FI x Crosby 12 
--- -y y % D y y 
8 IS I 8.5 7 12 
10 54 L? 5.3 23 25 
12 99 40 + 11.6 18 13 
14 4 3 +2.8 
16 1 0 0 .6 
%D 
+9.4 
+2.1 
11 . 5 
----
Total 176 59 14.4 48 50 11.5 
- ---
P 0.14 0 .34 
On the whole, the data obtained on the endosperm color and 
row number relation may be said to point to a genetic linkage. 
, It is not a strong linkage, and it is occasionally obscul'ed. Given 
variable intensities of linkage, due largely to crossing-over val'i-
ability, it is perhaps too much to expect that all progenies 
tested should exhibit a pronounced form of the linkage, if 
existent. Under such circumstances, one probably should con-
sider the average or the bulk of the data, which in this case 
indicates linkage. 
DISCUSSION 
There is still a critical need for verification of the multiple-
factor theory of quantitative (size) inheritance. The proven 
existence of multiple genes for many specific hereditary chal'-
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acters, as well as of the ever present and numerous modifying 
genes, is evidence that most characters develop as the result 
of multiple genes. By analogy we suppose that general size 
characters are equally governed in their hereditary develop-
ment by numerous genes. If so, it should be possible to local-
ize such genes on their respective chromosomes by appropriate 
linkage tests. 
Castle (1), however, has failed to detect any genes for gen-
eral body size in rabbits by means of linkage experiments 
specifically planned for their discovery, a fact which seems 
to have rendered him somewhat skeptical of their existence. 
The writer was successful in proving that genes for fruit size. 
a typical quantitative character, in the tomato exhibited typical 
linkage with simple qualitative genes on three different chro-
mosomes (5, 6, 7). In the present report there is similar evi-
dence for number of kernel rows on the ear of maize, altho the 
linkage data are not so conclusive as they were in the tomato 
experiments. 
It should be emphasized, however, that the tests with rabbits 
are different in nature from those with tomatoes or corn. 
Whereas Castle dealt with the very complex, general character 
of body size (affected by skeletal, nutritional, muscular and 
glandular factors) our experiments concern far simpler quanti-
tative characters in both of the plant species investigated. The 
ear of maize (number of rows) and the fruit of the tomato 
are organs whose development is determined fundamentally by 
two major agencies, (1) the relative number of growing points 
in meristematic tissue (row differentiation in maize and num-
ber of seed locules in the tomato) and (2) by the differential 
rate of cell division in various planes giving various shapes of 
the ear or the fruit. Shape and size are correlated to some de-
gree in plant organs, and shape inheritance is relatively simple 
in nature. Since the laying down of growing points in the 
meristem and the differential cell divisions responsible for 
shape take place early in the plant's history, there is less op-
portunity for environmental factors to modify them than is 
the case with body size of animals. Moreover, they have been 
shown to be simpler in their mode of inheritance than general 
body size in animals. Accordingly we should expect their genes 
to be more easily detected. 
Furthermore, the number of pairs of chromosomes in maize 
(10) or the tomato (12) is markedly smaller than that in the 
rabbit (22). Th,is fact may not influence the number of genes 
for any character, but it is conceivable that linkages will be 
discovered more infrequently. Also, the number of individuals 
in Castle's experiments was relatively small (total 326). In our 
experiments with tomatoes and maize the number of plants 
was many thousand times greater. Occasionally a few of our 
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crosses, involving hundreds of individuals, failed to show any 
linkage of quantitative and qualitative genes for some reason 
or other. Often it was only by sheer bulk of numbers that 
certain linkages could be detected. Moreover, Castle merely 
used mean differences to detect linkage. As may readily fie 
noted in this report, the differences in means may be too small 
to be significant. 'l'he test for statistical independence, together 
with the trend of the differences, offered the best criteria for 
the existence of linkage. 
Whenever two genes are relatively far apart on the chromo-
some, it becomes exceedingly difficult to prove the existence 
of a linkage. If the size gene is of minor importance it may 
be impossible. At best the linkage test often is a difficult and 
uncertain method of isolating' quantitative genes. Accordingly 
the rabbit experiments should not be looked upon as negative 
evidence for the multiple factor theory of size inheritance. 
'l'he maize experiments reported herein afford circumstantial 
evidence that specific genes controlling row number on the ear 
exist on the four chromosomes tested. If we knew more about 
the inheritance of number of rows itself, the experiments could 
be planned in a more critical manner. Perhaps this may event-
ually be done, particularly with the complete utilization of 
inbred strains. It will probably be found, however, that if 
there are, for example, several different genes governing the 
expression of the 8-rowed condition, linkages will occur in some 
crosses and not in others and generalizations will follow with 
difficulty. 
Of the linkages tested in this investig'ation, that with cob col-
or and row number seems to be the most conclusive. A gene 
for number of rows very likely resides on the P-fl chromosome, 
reasonably near the P gene. The entire lack of any commercial 
8-rowed varieties with red cob is interesting in this connection, 
since such a linkage might well explain the situation, particu-
larly if no selection for cob color had entered the earlier plant 
breeding operations, as is likely to be the case. In view of 
the fact that 8-rowed varieties are relatively early in season, 
it might be worth testing for the existence of a gene for earli-
ness on this same chromosome. Practical breeders have often 
noted that red pericarp selections are inclined to be earlier 
than the colorless mother variety in which the red ears occurred. 
The evidence for a row number gene on the R-G- chromosome 
is not conclusive, altho highly probable. This linkage also 
needs verification by the use of a purple variety with high 
row number. Our experiments were limited to the Black Mexi-
can variety which seems to introduce variable r esults not only 
as far as aleurone color is concerned but also with the sugary 
gene in relation to row number. Much the same variability oc-
curred in some of the crosses involving other 8-rowed types. 
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Is it possible that this traces to the fact that Black Mexican 
and several other 8-rowed varieties have mOl'e than 10 pairs 
of chromosomes 1 Whereas these extra chromosomes do not 
seem to have affected any of the known qualitative genes. it 
is possible that they 'may influence some of the more complex 
characters. rl~he situation n eeds further investigation. 
The test for a row number gene on the Y-P1 chromosome 
was arranged so that both the' coupling' and' repulsion' phases 
of linkage could be investigated. Linkage between the Yy 
endosperm color genes and row number was evident in both 
phases, altho the intensity of the linkage was not high. Such 
a loose linkage would not be a hindrance to the plant brecc1el' 
in developing a yellow or a white variety with various num-
bers of kernel rows. 
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